ADDITIONAL INDEX WORDS. ampelography, microsatellite, pedigree, genetic structure, Vitis vinifera ABSTRACT. Genetic structuring and parentage analysis were performed on a very large database comprising 2786 unique multilocus genotypes [20 nuclear simple sequence repeats (nSSRs)] of Vitis vinifera L. ssp. sativa (DC.) Hegi with a special focus on Tuscan cultivars to reveal the parentage and history of the cultivar Sangiovese, the most important cultivar of Italy. For this cultivar, the authors also analyzed clones and synonyms, investigating its genetic origin and intracultivar diversity. Known synonyms of 'Sangiovese' were confirmed and new ones were revealed with cultivars outside Tuscany. Some synonyms were invalidated, and unexpected homonyms were identified. The absence of true intracultivar variability leads to the rejection of a polyclonal origin for 'Sangiovese'. The existence of an Italian genetic pool composed of ancient cultivars including Sangiovese was demonstrated by analyzing the entire set of 2786 cultivars. Ten individuals compose the kin group of 'Sangiovese', including two offspring: 'Ciliegiolo' and 'Catarratto bianco faux'. Despite the large presence and long history of 'Sangiovese' in the Tyrrenian area, its kin group is unexpectedly composed of a majority of ancient cultivars that are largely diffused in far southern Italy, which leads to the hypothesis of a Sicilian origin for 'Sangiovese'. Analysis of the Tuscan pool revealed large kin groups for cultivars Mammolo and Garganega, demonstrating their contribution to the genetic diversification in the Tyrrenian area. This work contributes to the understanding of grapevine diversification, evolution, and history in Italy and Europe.
Despite the historical and economic importance of wine in Europe, little is known about the origin of the different grape cultivars (Vitis vinifera). Recent advances in molecular analysis are helping us understand grape evolution and history , but information in some cases is lacking, such as the case of the cultivar Sangiovese.
'Sangiovese' constitutes the basis of 12.5% of internationally known DOC (Denominazione di Origine Controllata) and DOCG (Denominazione di Origine Controllata e Garantita) wines (wines of Italy from restricted areas), and is the most important cultivar of Italy, where the area planted was 69,789 ha in 2000 (Istituto Nazionale di Statistica, 2000) . Tuscany is the region where it is most cultivated [32,555 ha (Istituto Nazionale di Statistica, 2000) ], but 'Sangiovese' is grown in California [2214 ha (U.S. Department of Agriculture, 2006) ], in France [1564 ha (Ministère de l'agriculture et de la pêche, 2000) ], and in other countries as well, but to a lesser extent.
'Sangiovese' was presumed to be an ancient autochthonous cultivar of Tuscany (Breviglieri and Casini, 1964; Calò et al., 2001) , and according to some authors it could be an ''Etruscan grape'' (Fregoni, 1991; Mainardi, 2001) . Mentioned first by Soderini (1590) as 'Sangiogheto', it was also painted by the famous Bartolomeo del Bimbi, artist of Medici's Court in the 17th century (Basso, 1982) . Since the beginning of the 19th century, 'Sangiovese' was cited several times (for review see Boselli, 2001) . Thus, different denominations of 'Sangiovese' are diffused in historical and recent literature, such as 'Sangiogheto' or 'Sangioveto' (Boselli, 2001; Breviglieri and Casini, 1964) . Through time, 'Sangiovese' has always been considered as a good-quality cultivar for wine production. No relatives of 'Sangiovese' were identified by previous analyses among the cultivars currently grown in Tuscany, nor were any genetic relationships with regional wild relatives noted (Di Vecchi Staraz et al., 2006a) . However, two contrasting parentage hypotheses were published: 'Sangiovese' as offspring of 'Ciliegiolo' (Vouillamoz et al., 2006) or as a relative of 'Ciliegiolo' (Crespan et al., 2002; Di Vecchi Staraz et al., 2006a) . 'Sangiovese', characterized by great genetic and morphological intracultivar heterogeneity , has been suspected of polyclonal genetic origin (Filippetti et al., 2005; Scienza, 1993; Vignani et al., 2002) . The hypothesis of polyclonal origin for some ancient cultivars of V. vinifera provides an explanation to the intracultivar morphological variability as being derived from different seedlings (Filippetti et al., 1999; Rives, 1961) . Currently, 'Sangiovese' is the cultivar with the highest number of clones registered in the Italian National Catalogue of Grapevine Cultivars (74 clones).
The use of DNA profiling based on microsatellite markers has revolutionized grape diversity analysis in less than a decade. DNA microsatellite markers [nuclear simple sequence repeats (nSSRs)] are multiallelic and highly polymorphic (for a review see Sefc et al., 2001) . They have proved useful in parentage analysis (Bowers and Meredith, 1997; Bowers et al., 1999a, b; Vouillamoz et al., 2003) . They are also very effective in relation to standard cultivars (in parentheses).
for grape cultivar genetic characterization (Aradhya et al., 2003) and authentication . 'Sangiovese' has an ancient documented history, a high intracultivar diversity (Filippetti et al., 2005; Vignani et al., 2002) , and occupies a large amount of acreage in Italy. It is therefore a good example to infer the history and evolution of enology and viticulture in Europe. We have thus decided to investigate the 'Sangiovese' case using nSSRs. For this purpose, 82 accessions and cultivars from the collection of the University of Florence (Italy), and nine clones of 'Sangiovese' and 2704 accessions from the Institut National de la Recherche Agronomique (INRA) Vassal grape collection (Institut National de la Recherche Agronomique, 2004) were analyzed using 20 nSSR markers. The current study proposes 1) to characterize the molecular variability of 'Sangiovese', 2) to search for parentage and identify the kin group of 'Sangiovese', and 3) to extend the analysis to genetic structuring with the potential to distinguish cultivars of common ancestry and those related to 'Sangiovese' (M. Di Vecchi Staraz, unpublished data; Schaal et al., 1998) .
Materials and Methods
PLANT MATERIAL AND MICROSATELLITE ANALYSIS. The study is based on 2704 V. vinifera unique genotypes from the Domaine de Vassal INRA grape repository (France) and 82 from the grape repository of the University of Florence, Italy. We also analyzed six official registered clones of 'Sangiovese' and three clones afferent to 'Prugnolo gentile'. The final database (2786 unique multilocus genotypes) includes individuals deriving from 38 countries (especially France, but Italy and Spain are also well represented). Tuscany, the region of presumed origin of 'Sangiovese', is well represented by more than 90 cultivars and accessions. All material analyzed was previously selected and identified by ampelographic study to guarantee whether genetic samples were true to type. Seventy-eight individuals are presented in more detail in this work. Cultivars (official registered name) are presented with abbreviation ''cv.'' and individuals from repository are presented with repositories accession denomination preceded by ''ac.'' Some accessions could have the same denomination as cultivars, but they are simply homonyms. The accessions Calabrese faux, Catarratto bianco faux, Marzemino faux, and Montepulciano faux analyzed in our study therefore do not correspond to their homonymous official registered cultivars. Berry color (N, black; B, white; Rg, red; Rs, pink) follows the denominations of cultivars and accessions [descriptor Office International de la Vigne et du Vin (O.I.V.) 225 (International Plant Genetic Resources Institute et al., 1997)]. DNA extraction, polymerase chain reaction amplification, sequencing, and detection of polymorphisms were performed according to Lacombe et al. (2007) with slight modifications: 180 mL buffer AP2 instead of 130 mL and 10 min of centrifugation instead of 5 min. All material was analyzed in the same laboratory using 20 microsatellite loci (nSSR): VVMD5, VVMD7, VVMD21, VVMD24, VVMD25, VVMD27, VVMD28, VVMD32 (Bowers et al., , 1999b ; VVIn16, VVIv67, VVIv37, VVIq52, VVIp60, VVIh54, VVIb01, VVIn73, VVIp31 (Merdinoglu et al., 2005) ; VVS2 (Thomas and Scott, 1993) ; and VMC1b11, VMC4f3 (Vitis Microsatellite Consortium). Codification of data for VVMD5, VVMD7, VVMD27, and VVS2 was performed according to . To confirm particular parents, additional genetic characterization was performed using 18 complementary mapped nSSR loci (Adam-Blondon et al., 2004; Merdinoglu et al., 2005) .
DATA ANALYSIS. Parentage analyses and handling of the data set were performed using FaMoz software (BIOGECO INRA, Bordeaux, France). We authorized a discrepancy of three loci, at most, to cover both possible data errors (Ewen et al., 2000) , null alleles (Dakin and Avise, 2004) , and clonal mutations as previously described (Vouillamoz et al., 2003) . Cumulative likelihood ratios (CLRs) for proposed parent pairs and their 95% upper confidence limits were calculated according to Cavalli-Sforza (1965) with a homemade Excel (Microsoft, Redmond, WA) macro. Dissimilarities [simple matching genetic distance (Bowcock et al., 1994) ] were calculated by DarWin statistical software (version 5.0.1; Center International de Recherche Agronomique pour le Développement, Montpellier, France) based on multilocus genotype data of selected cultivars. Finally, a structuring analysis was performed with Structure software (version 2.1; J.K. Pritchard, University of Chicago, Chicago), on the data set of 2786 unique multilocus genotypes. The number of populations was estimated to be five (k = 5) by simulations. We set 500,000 as the burning period length and the number of Markov chain Monte Carlo repetitions after burning as suggested by Pritchard et al. (2000) , and used the admixture model because of the grape mating system and biology.
Results
The 10,000 simulated pairs performed by FaMoz for parentage analysis identified a log of the odds ratios (LOD) score threshold of eight for assessing a potential parent pair with 20 nSSRs. Based on this threshold, only pairs with LOD scores more than 8 were considered as valid with the current data set. The cumulated exclusion probability reached 99.99% for a single parent with the 20 loci, 100% for paternity with 11 loci, and 100% with only six loci for parent pairs. The list of the unique genotypes involved in the final analyses, along with their allele sizes, is presented in Table 1 .
CLONES AND SYNONYMS OF 'SANGIOVESE'. All nine clones of cv. Sangiovese N and cv. Prugnolo gentile N analyzed had the same genotype (Table 2) . Twelve of the 23 supposed synonyms (Table 2 ) presented the same genotype of 'Sangiovese' (Table  1) . Furthermore, we identified three cultivars from outside Tuscany: ac. Guarnacciola N from Campania in the south of Italy, ac. Tabernello N from Italy, and ac. Toustain N from Algeria, which presented the same profile as 'Sangiovese' (data not shown).
INCORRECT ASSIGNMENTS TO 'SANGIOVESE'. Eight individuals generally considered as synonyms of 'Sangiovese' presented profiles differing from 'Sangiovese', three of which are homonyms (Table 2) POSITIONING OF 'SANGIOVESE' WITHIN V. VINIFERA DIVERSITY. The analysis of the data set of 2786 genotypes using Structure 2.1 software identified a group of 260 cultivars in large majority grown in the Italian peninsula (mean F st , 0.81; inferred cluster range, 52.9-96.1%). 'Sangiovese' and cv. Petit rouge N are the best representatives (i.e., 96.1 of inferred cluster percentage) of this group. Among the cultivars with an inferred cluster percentage to this group more than 85% were many very ancient cultivars (Fig. 1 ) grown in the Alpine region (cultivars Cacaboué, Cornalin, Fumin, Hibou noir, Perrier noir, Prin blanc, and Vien de nus), in northeastern Italy (cultivars Nosiola, Pattaresco, Raboso Piave, Refosco dal peduncolo rosso, and Sgavetta), in northwestern Italy (cultivars Arneis, Avarengo, Barbera, Besgano nero, Nebbiolo, Neretto di Bairo, and Vespolina), in Emilie-Romagne (cultivars Angiola, Fortana, Forcellina, Lambrusco monterico, Montu, and Trebbiano romagnolo), in the Tyrrenian area (cultivars Albarola, Arvesiniadu, Bonamico, Caloria, Capibianchi, Ciliegiolo, Colombana nera, Genovese, Groppello gentile, Mammolo, Marzemino faux, Pollera nera, Poverina, Sangiovese forte, and Vernaccia di Oristano), in Campania (cultivars Biancolella, Falanghina, Fiano, and Forastera), and in southern Italy (cultivars Gaglioppo, Greco nero di Cosenza, and Nerello Mascalese).
PARENTAGE ANALYSIS AND 'SANGIOVESE' KIN GROUP. Parentage analyses was performed considering up to three discrepancies, but we only identified possible relatives of 'Sangiovese' with no discrepancies. LOD scores are indicated in parentheses after the names of the cultivars. In a few cases, only 19 loci were used because of missing data (indicated as 19 loci). Ten individuals shared at least one allele with 'Sangiovese' (Fig. 2) : ac. Catarratto bianco faux B (20.96), cv. Ciliegiolo Table 2 ). However, we identified two discrepancies in this parentage after analysis using 15 additional markers (three MD).
Because these relatives could be parents, offspring, or half or full sibs of 'Sangiovese' (i.e., more than 50% of shared alleles on all loci), we verified their parentage with the 20 loci and confirmed them with 18 additional markers. Fig. 2 presents a synopsis of the different parentage identified. For 37 markers (1 MD), the profile of ac. Catarratto bianco faux is consistent with being an offspring of 'Sangiovese' crossed with cv. Catarratto bianco lucido B (LOD score = 47.2, CLR = 9.65 · 10 15 ). We also identified 'Ciliegiolo' as possible offspring of 'Sangiovese' crossed with cv. Muscat rouge de Madère N (LOD score = 43.53. CLR = 3.07 · 10 13 ). This result was based on 38 nSSRs, considering the presence of a null allele for one homozygous locus among the additional markers (VMC3d8) as previously demonstrated by Vouillamoz et al. (2003) . Muscat rouge de Madère N was itself revealed as a possible cross between 'Mammolo' and 'Muscat à petits grains' B (LOD score = 35.51, CLR = 1.61 · 10 11 ). These latter are consequently the grandparents of 'Ciliegiolo'.
IDENTIFICATION OF OTHER ITALIAN CULTIVARS RELATED TO 'SANGIOVESE'.
Additional individuals were added to the 'Sangiovese' kin group through 'Catarratto bianco lucido' and 'Mammolo' (Fig. 2) . The cv. Garganega is linked to 'Sangiovese' through 'Catarratto bianco lucido'. In addition to ac. Calabrese faux, we identified two offspring of 'Garganega': ac. Dorona di Venezia B as a cross with cv. Bermestia bianca B (41.39, CLR 1.15 · 10 14 ), and cv. Susumaniello N as a cross with 'Uva Sogra' Rs (LOD score = 43.39, CLR = 8.53 · 10 14 ). We also identified the 'Garganega' kin group. It was composed of 12 cultivars, of which the two major cultivars Trebbiano toscano and Malvasia di Candia, largely diffused in Tuscany. Furthermore, we identified 14 cultivars including the 'Mammolo' kin group, which is linked to 'Sangiovese' by the parentage of 'Ciliegiolo' (Fig. 2) . The cv. Grillo B was revealed as a cross between 'Catarratto bianco lucido' and 'Muscat d'Alexandrie' B (LOD score = 36.68, CLR = 1.29 · 10 11 ).
Discussion
Our results confirmed the effectiveness of SSR markers for authentication, genetic structuring, and parentage reconstruction in grape. In particular, the set of 20 markers distributed on the genome was very efficient since it allowed a high value of cumulated exclusion probabilities. Nevertheless, additional markers were necessary when several parent pairs were identified. The combination of different analyses (genetic structuring and parentage reconstruction) along with the analysis of a very large set of cultivars provided insight to the origin of 'Sangiovese'.
CLONAL GENETIC VARIABILITY, SYNONYMS, AND INCORRECT ASSIGNMENTS TO 'SANGIOVESE'. We observed the same multilocus genotype for all clones of 'Sangiovese' analyzed in this study. We also confirmed with a consistent number of nSSR loci that 'Prugnolo gentile' shares the same profile as 'Sangiovese', as observed before with fewer loci (Di Vecchi Staraz et al., 2006b; Filippetti et al., 2005) . Considering the number of nSSR loci, we can establish that they are indeed the same cultivar. This case is significant, because 'Prugnolo gentile' is currently registered as a different cultivar in the Italian National Catalogue of Grapevine Cultivars, and similar cases may also be present. Such occurrences may be the result of different environmental and farming conditions. Genetic analysis Fig. 1 . Distribution of the grapevine cultivars grown in the Italian peninsula belonging to the inferred cluster of 'Sangiovese' (higher than 85%) based on the 20 nuclear simple sequence repeats. The genetic population was identified using Structure 2.1 software (Pritchard, Chicago) . The cv. Sangiovese is in bold type. 1, alpine region; 2, northeastern Italy; 3, northwestern Italy; 4, Emilie-Romagne; 5, Tyrrenian area; 6, Campania; 7, southern Italy.
allowed us to confirm 12 synonyms of 'Sangiovese', and to find three new synonyms outside Tuscany, demonstrating the presence of 'Sangiovese' elsewhere with different denominations. Eight incorrect assignments to 'Sangiovese' were identified. Three are homonyms, revealing the difficulty and importance of the correct identification of cultivars as discussed by Dettweiler et al. (2000) . Furthermore, three of them showed identical patterns as 'Ciliegiolo' and can therefore be considered as synonyms of this cultivar. Morphological similarities between 'Sangiovese' and 'Ciliegiolo' are the causes of these incorrect assignments. Moreover, they have shared cultivation areas for a long time and 'Ciliegiolo' is a progeny of 'Sangiovese'. The ac. Sangiovese forte, first cited by Villifranchi (1773) and historically considered a synonym of 'Sangiovese', seems to be a distinct cultivar, but belongs to the Italian gene pool. The analysis thus illustrated the importance of synonymies between cultivars of different geographical origins. We have analyzed here the case of 'Sangiovese', but it could also be revealed for other cultivars. Finally, we need to point out the clonal genetic homogeneity of 'Sangiovese' revealed in this work, and the absence in our data set of identified mutants, which would be expected for such an old and widespread cultivar. Further investigation should thus be conducted to cover the maximum extent of diversity in this cultivar. Nevertheless, the polyclonal origin for 'Sangiovese' as proposed by Filippetti et al. (2005) , Scienza (1993) , and Vignani et al., (2002) thus seems improbable. We believe that a single parent pair is at the origin of 'Sangiovese', as demonstrated for other grape cultivars (Bowers et al., 1999a) . The major causes of its presumed genetic intracultivar variability are its large circulation (shared with its progeny), the rich number of incorrect identifications, and the limited number of markers used in the previous studies.
POSITIONING OF 'SANGIOVESE' WITHIN V. VINIFERA DIVERSITY. 'Sangiovese' and its kin group were included in a genetic population composed of numerous ancient cultivars spread throughout Italy (Fig. 1) . All are ancient cultivars often considered as indigenous. Among these, only 'Falanghina', 'Barbera', and 'Nebbiolo' are celebrated cultivars for wine production; the others have local diffusions all over Italy. The abundant presence of cultivars from the Alpine regions (located in Savoy and Valle d'Aosta) is noteworthy, because they are very ancient, from a very isolated geographical region, and are relics of traditional and peculiar techniques for mountain viticulture. Despite its geographical proximity, 'Sangiovese' is genetically distant from other cultivars belonging to the historical oriental grape families (Greco, Malvasia, and Muscat), largely growing in the south of Italy and from the 'Calabrese' cultivars, which clustered in different groups in the structuring analysis. Similarly, we also pointed out that 'Sangiovese' has no close relatives among the most widespread cultivars of France and Spain comprised in our large data set, but has synonyms along with relatives in the Tyrrenian area (Corsica, Provence). These results presuppose the existence of an old Italian grape population that is disappearing from contemporary vineyards because of current viticulture practices.
THE PARENTS OF 'SANGIOVESE'. We did not identify any reliable parent pair for 'Sangiovese'. In fact, the only pair revealed with the first 20 loci involved the ac. Catarratto bianco faux, but this was later ruled out with the aid of additional markers, and because higher CLRs (9.65 · 10 15 vs. 5.52 · 10 11 ) and LOD scores (47.2 vs. 38.8) confirmed that 'Catarratto bianco faux' resulted from the cross 'Sangiovese' · 'Catarratto bianco lucido'. The cv. Ciliegiolo has been proposed as a parent of 'Sangiovese' (Vouillamoz et al., 2006) . This work clearly demonstrated that 'Ciliegiolo' is an offspring of 'Sangiovese', because we identified consistent parent and grandparent pairs with high LOD scores and high CLRs, also taking into account one null allele as demonstrated by Dakin and Avise (2004) . Indeed, offspring can often be incorrectly identified as a parent (M. Di Vecchi Staraz, V. Laucou, S. Gerber, T. Lacombe, D. Varès, and P. This, unpublished data) . Furthermore, historical data support our hypothesis because 'Sangiovese' was cited earlier (Soderini, 1590) than 'Ciliegiolo' (Racah, 1932) . Thus 'Ciliegiolo' cannot be a parent of 'Sangiovese'.
Parent-offspring relationships are much more difficult to infer when the pair cannot be identified. Nevertheless, one parent of 'Sangiovese' could be within the identified kin group, but the high genetic similarity revealed between 'Sangiovese' and its kin group rather suggests sibling relationships as demonstrated by Queller and Goodnight (1989) . Two hypotheses could explain the unrevealed parentage of 'Sangiovese': 1) even though the data set analyzed is by far the most representative of the European grape genetic diversity (2786 unique nSSR profiles), the real parents of 'Sangiovese' could be extinct, or 2) both parents could simply be absent in our data set. In Calabria and Sicily more than 1600 ha and 2000 ha respectively have been classified as having unidentified grapevines (Istituto Nazionale di Statistica, 2000) , so parents of 'Sangiovese' could be among these. Thus, further investigation of diversity in this part of Italy is needed. THE 'SANGIOVESE' KIN GROUP. The kin group is composed of two offspring with identified parent pairs, and eight close relatives (sharing at least one allele at each locus). The offspring 'Ciliegiolo' is a well-known cultivar, largely widespread in central Italy on 1420 ha (768 ha in Tuscany) and less in the southern Italian peninsula (Istituto Nazionale di Statistica, 2000) . Its presumed origin has been the Iberian peninsula (Calò et al., 2001; Racah, 1932) , but the parent and grandparent pairs suggest the Tyrrenian area (Corsica, Provence, Liguria, and Tuscany) as the area of origin. On the contrary, we have little information about ac. Catarratto bianco faux, which is from Sicily, as confirmed by geographical diffusion of its parent 'Catarratto bianco lucido'. Concerning the eight other relatives, five are from far southern Italy (three from Sicily and two from Calabria). Only three accessions (Capibianchi, Marzemino faux, and Poverina) are from Tuscany, but they are not registered in the Italian National Catalogue of Grapevine, almost extinct and historically unknown. Those from southern Italy are all ancient and well-known cultivars [cited first by Sestini (1774) ]. Three are traditionally cultivated in Sicily: 'Nerello mascalese' belongs to the historical Nigrelli grape family, and is grown mainly in the Province of Catania as well as in Calabria [2395 ha and 107 ha, respectively (Istituto Nazionale di Statistica, 2000)]; 'Frappato di Vittoria' is essentially present in the Province of Trapani (580 ha), even if Catania is its supposed origin; and finally 'Perricone', for a long time the principal cultivar of the Province of Trapani, is now grown mainly in the Province of Palermo and Agrigento [240 ha and 197 ha, respectively (Istituto Nazionale di Statistica, 2000) ]. The historical cultivars Gaglioppo and Greco nero di Cosenza are largely present in Calabria, mainly in the Province of Cosenza [3594 and 1414, respectively (Istituto Nazionale di Statistica, 2000) ], but also in some central regions, as well as in Sicily, in the Province of Catania. The first was already cited as a kind of wine in the 14th century (Marescalchi and Dalmasso, 1937) , and the second has numerous synonyms and homonyms resulting from the large diffusion of cultivars named Greco. These five cultivars from southern Italy are very closely related to each other. The 'Gaglioppo' from Calabria and 'Frappato di Vittoria' from Sicily are the nearest relatives within the kin group (D = 0.3), supporting their probable full sibling relationship (M. Di Vecchi Staraz, unpublished data). These findings illustrate relations between Sicily and Calabria. In conclusion, 'Sangiovese' did not contribute to the genetic diversity in the Tyrrenian area, but 'Garganega' and 'Mammolo' are parents of many cultivars from this area (many related cultivars of 'Mammolo' were also found in Corsica), and they are therefore at the source of cultivar diversification. 'SANGIOVESE' HISTORY. We collected individuals from Tuscany, which was the region of presumed origin of 'Sangiovese', but Tuscan relatives are very scarce in this work. A previous study also emphasized the absence of close genetic relationships between 'Sangiovese' and wild Tuscan vines (Di Vecchi Staraz et al., 2006a) . The current presence of 'Sangiovese' in all the provinces of Sicily and in Calabria [1467 ha and 231 ha, respectively (Istituto Nazionale di Statistica, 2000)] could be another argument for its ancient presence in these areas, even if no old historical citation exists. Considering the geographical origin of the 'Sangiovese' kin group and Italian grape history, Sicily and Calabria are likely areas where 'Sangiovese' was first grown, invalidating the autochthonous Etruscan hypothesis for 'Sangiovese' (Fregoni, 1991; Mainardi, 2001) . Moreover, far southern Italy (called Enotria by Latin people) has been a legendary place of wine production since antiquity (Brun, 2004) , justifying the exportation of cultivars to central and northern vineyards. Furthermore, since the 16th century, exchanges of cultivars between these regions have existed. For example, 'Vernaccia di Siracusa' N and B, probably originating from Syracuse in Sicily, were cultivated in Tuscany (Basso, 1982; Marescalchi and Dalmasso, 1937) ; similarly, 'Inzolia' B and 'Trebbiano toscano' B are currently common to both regions. The fact that Sicily is an island does not contrast with the successive migrations in the Italian peninsula up to Tuscany, because Sicily was frequently involved in Italian history. We do not know when 'Sangiovese' appeared in far southern Italy, but it was certainly before the citation of Soderini (1590) and after the beginning of viticulture in Calabria and Sicily. Because genetic structuring clustered 'Sangiovese' with a very large number of ancient Italian cultivars, and because the importance of sexual reproduction was demonstrated for grape (Bowers et al., 1999a) , we suppose that 'Sangiovese' originated from spontaneous or voluntarily crossing, likely in southern Italy, and was transferred as a seed, like Criolla cultivars (Agüero et al., 2003) , or by vegetative propagation. This suggests that 'Sangiovese' originated during a period of time in which cultural and technical methods allowed for sexual reproduction and for selection of seedling cultivars. We know that in the past, multicultivar vineyards provided the way of spontaneous crossings. In Europe, we estimate this period (the ''Seedling Ages'') to be from the beginning of viticulture in far southern Italy [10th century BC (Brun, 2004) ] to the Middle Ages. 'Sangiovese' then spread to central Italy, Corsica, and Algeria, as revealed by synonyms.
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